The two components of the body weight (i.e., fat mass and muscle mass) appeared to be of high interest to consider in predicting metabolic health related risks. We aimed to determine cutoff values for fat mass index (FMI) and muscle mass index (MMI), FM/MM, and BMI for metabolic and cardiovascular health. This study was a cross-sectional analysis study conducted in a center of preventive medicine. It included 616 consecutive outpatients: mean age was 56.0 -10.0 years (74.6% aged ‡ 50), and 61.4% were female. Fat and muscle mass were obtained with dual energy X-ray absorptiometry scan analyses. Metabolically unhealthy individuals were defined as people with biological features of dyslipidemia, hyperuricemia, diabetes, and/or hepatitis steatosis. Documented hypertension and/or atherosclerosis of at least one major artery defined individuals with cardiovascular complications. Receiver-operating characteristic curve analysis revealed that the cutoff values for MMI, FMI, and FM/MM were respectively 18. 
Introduction
Expressed as the relationship between the total body mass in kg and stature in m 2 , the body mass index (BMI) is the most widely used indicator of nutritional status, 1, 2 and its health-related risks. 3 But limitations in its capacities to account for total adiposity 2, 4 and to predict the development of metabolic and health complications have been highlighted. 5, 6 Furthermore, while fat deposition was usually considered to fit the development of metabolic and health complications, reduced muscle mass (MM) was more recently implicated. [7] [8] [9] [10] [11] [12] Thus, the balance of the two major components of the total body weight have become of interest in predicting nutritional status related health outcomes. 2, 4, 13 Indeed, the major shortcomings of BMI is that the composition of body weight is not taken into account: excess body weight may be made up of adipose tissue or conversely muscle hypertrophy, both of which will be judged as ''excess mass.'' 14 Inversely, a deficit of BMI may be due to MM deficit (e.g., sarcopenia) or mobilization of fat tissue, or both combined (e.g., starvation). Finally, this two-compartment model of the body weight appears to be of interest to better identify how adult weight may interfere with health outcomes. 4 Conversely to BMI, population-specific fat-mass and muscle-mass indexes (i.e., FMI and MMI, expressed in kg/m 2 ) can be considered for comparative analyses between populations from different ethnicities. 6 Surprisingly, these indexes have not found a wide application yet, probably because appropriate cutoff values have not been proposed. The present study proposes a cross sectional analysis from a sample of 616 outpatients, to identify cutoff values for FMI, MMI, FM/ MM, and BMI for metabolic and cardiovascular complications. All body composition measurements considered were obtained from dual energy X-ray absorptiometry (DEXA) scans analyses.
Material and Methods

Study population and design
Patient and data collection have been already published elsewhere. 4 The sample study was recruited at the Clinic of Genolier (Switzerland). It consisted of 616 consecutive ambulatory patients consulting our center of preventive medicine (www.nescens.com) for a medical checkup between January 1, 2009 and December 31, 2012. Pregnant women and/or individuals with self-reported cardiac failure, who had a cardiac pacemaker, or who had previously undergone limb amputation were not considered. Otherwise, there were not any exclusion criteria.
Briefly, Nescens medical checkups are designed in three steps. The first and third steps are dedicated to medical consultations, which are conducted before and after all the complementary investigations. The medical consultation conducted before is dedicated to personal and family medical histories, medications, current complaints, and symptoms, and a complete medical examination is also performed. In the course of the first consultation, patients were informed about the protocol prior to signing consent forms. The results of the checkup are detailed and discussed during the second consultation. The second step is composed by biological, radiological, and functional investigations. Thus, blood test analyses, including in part the biological data of interest (see below and Table 1 for details), are carried out as well as a large panel of radiology exams such as DEXA scan, angiography by computed tomography scan (CT scan) of the supra-aortic and coronary arteries, and total body CT scan (256-row detector CT scan). In addition, a cardiologist conducts a stress test on electronically braked cycle ergometer in addition to a Doppler echocardiography. In order to avoid any interference due to injection of iodine-based contrast products used for the angiography and total body CT scans, DEXA scans were systematically carried out in first. The data of interest were retrospectively collected from medical files between April 1 and May 31, 2013.
Data collection
Assessment of body composition. The assessment of body composition was performed with a DEXA scan (Hologic Discovery; Hologic Inc.). 15 The instrument was calibrated by using a spine phantom daily and a step phantom weekly. All scans were performed 4-5 h after the last meal, at least, and before CT scans. DEXA represents a three-compartment model for estimating body composition, because it can divide the body into three compartments: fat, bone mineral, and all other fat-free mass that does not include bone. Thus, unlike two-compartment models, DEXA is not subject to errors caused by variations in bone density among different ethnicities. DEXA thus provides bone density estimates, and regional estimates of body composition (i.e., it can estimate the body composition of individual parts of your body), by measuring the body's absorbance of X-rays at two different energies. Fat, bone mineral, and fat-free soft tissue have different absorption properties. DEXA gets estimates of the body composition by scanning the entire body in 5-10 minutes, which were analyzed by a trained technician.
Body-composition component estimates included FM and MM. Subsequent to the measurement of individuals' height, height-adjusted indexes were considered. Thus, height raised to the power of 2 was used to calculate BMI [weight (kg) /height 2 (m Any vascular diseases: suffering at least from high blood pressure, any coronaropathy (symptomatic or not), and/or a stenosis of supra aortic trunk (with or without symptoms or complication), and/or an arteriopathy of the lower limbs. c MUH, metabolically unhealthy, is defined by the presence of at least one metabolic disorder (high total cholesterol, high LDL cholesterol, low HDL cholesterol, high triglycerides, and/or HbA1c > 6.5%) and/or a diagnosis of hepatic steatosis. Hepatic steatosis diagnosed by ultra-sound of the abdomen and defined as a liver hyperechogenicity. e HbA1c (haemoglobin glycosylated): normal range for men, 4.0 to 6.0%; normal range for women, 4.0 to 6.0%. Diabetes, if defined when HbA1c value is above 6.5%.
f CRP-us (ultra sensitive C-reactive protein): normal value is < 5.0 mg/L. 16 A diagnosis of hepatitis steatosis was also part of the definition. The ratio of liver-to-spleen (L/S) Hounsfield units (HU) < 1.0 and liver attenuation < 40 HU on the abdomen 256-row detector CT scan were used for diagnosing hepatitis steatosis. 17 The normal serum values for biological markers were those given by the laboratory (www.synlab.ch): total cholesterol < 5.2 mmol/L; LDL cholesterol < 3.7 mmol/L; HDL cholesterol > 0.9 mmol/L; triglycerides < 1.7 mmol/L; 210 £ uric acid £ 420 for men and 150 £ uric acid £ 360 for women; and 4.0 £ HbA1c £ 6.0 for both genders.
Cardiovascular diseases. Medical data and diagnostics of interest leading to identify individuals suffering from metabolic-related cardiovascular complications were collected throughout the two medical consultations from previous reports, personal medical history, and the result of the tests performed during the checkup.
Thus, individuals who demonstrate documented hypertension (under treatment or not) and/or a significant coronaropathy (symptomatic or not), atherosclerosis of at least one of the supra-aortic arteries (symptomatic or not) and/or of one large arteries of the body were considered as having cardiovascular diseases. 16 
Statistical analyses
For descriptive analysis, numerical variables are presented as mean -standard deviation (m -SD) and for categorical variables as number and percentage. Statistical tests used for the unifactorial comparative analysis were chosen according to the type of variable, the sample size under consideration, and the number of group compared. Thus, numerical outcomes were compared using analysis of variance or Kruskal-Wallis test (when > 2 groups), and Student's t or Mann-Whitney test (when 2 groups). For categorical outcomes, chi-squared or Fisher's exact test was used. All these analyses were performed with SAS Ò software (version 9.3; SAS System, SAS Institute Inc., Cary, NC). The level of significance was set at p = 0.05.
In addition, receiver-operating characteristic (ROC) curves were computed using SPSS Ò (version 21; SPSS Inc., Chicago IL). Each point on the ROC curve represents a sensitivity/100-specificity pair corresponding to a particular decision threshold. The choice for cutoff values was that value on the ROC curve move from the vicinity of the upper left corner over toward the lower right corner (i.e., Youden index); the accuracy was the area under the ROC curve (AUROC). ROC curve analyses were computed for each body-composition component estimates (MM, MMI, FM, FMI, and FM/MM) and BMI values, this in the whole analytic sample and according to gender. The significance level was set at 0.05 and corresponds to the probability that the observed sample AUROC is found. If p < 0.05, then AUROC is significantly different from 0.5.
Results
In total, 616 adults composed the analytic sample. Their characteristics are summarized in Table 1 and anthropometric and DEXA scan parameters in Table 2 . Mean age was 56.0 (SD 10.0) years; 61.4% were females. Respectively, 73% and 77% of women and men were aged 50 years or over. One-fifth of the sample presented at least one cardiovascular complications; their prevalence was significantly higher in men. While women mostly presented high blood pressure (11.1%), men demonstrated high blood pressure (31.1%), but also coronaropathy (13.4%) or an arteriopathy of one of the other main body arteries (4.2%). Biologically, 60.4% of the analytic sample was metabolically unhealthy (MUH). Whether there was no significant difference between genders for serum LDL cholesterol levels, all other parameters were significantly more prevalent in men.
Obviously all anthropometric data and DEXA scan parameters were higher in men compared with women, except FMI ( p > 0.05) and the percentage of FM, which was higher in women ( p < 0.0001) ( Table 2) . According to BMI, while women were mostly classified into the normal (49.7%) and underweight (28.1%) categories, the vast majority of men were uniformly distributed within normal (39.5%), overweight (32.8%) and obese (24.3%) groups.
ROC curves analysis is presented in Figure 1 . The comparisons of the capability of the FM, FMI, MM, MMI, FM/MM, and BMI to predict metabolic and cardiovascular health are presented in Tables 3 and 4 2 (Se = 58%; Sp = 59%), 6.4 kg/m 2 (Se = 61%; Sp = 62%), and 0.35 (Se = 62%; Sp = 62%) in women for cardiovascular complications. For all these cutoff values, the Sp was systematically better than the Se, and these parameters were better for the prediction of cardiovascular health than metabolic one.
As presented in Tables 3 and 4 , optimal cutoff values for BMI are 24.0 kg/m 2 (Se = 70%; Sp = 45%) and 19.4 kg/m 2 (Se = 62%; Sp = 50%) in men and women respectively for predicting metabolic health. For cardiovascular complications, a similar trend is observed with cutoff values of 22.6 kg/m 2 (Se = 85%; Sp = 27%) in women and 25.7 kg/m 2 (Se = 68%; Sp = 45%) for men. Except the last, all these cutoff values are within the normal weight category according to the World Health Organization obesity classification.
Discussion
The main finding of this study is that FM/MM is at least as sensitive and specific as FMI and MMI considered All data given as mean -SD unless otherwise noted. BMI, body mass index.
FIG. 1.
Receiver operating characteristic (ROC) curves for DEXA scan based measurements of the body composition in predicting metabolically unhealthy status and cardiovascular complications in the analytic sample (panels A and B), and according to gender (for men see panels C and D, and for women see panels E and F) respectively. MM, muscle-mass; MMI, muscle mass index; FM, fat mass; FMI, fat mass index; FT/MM, fat mass to muscle mass ratio. Youden index is the cutpoint value, which is the value on the receiver-operating characteristic (ROC) curve that will move from the vicinity of the upper left corner over toward the lower right corner.
Sensitivity measures the proportion of actual positives, which are correctly identified as such (e.g., the percentage of individuals who are correctly identified as having the condition = the true positive rate).
Specificity measures the proportion of negatives which are correctly identified as such (e.g., healthy people who are correctly identified as not having the condition = the true negative rate).
Accuracy represents the area under the ROC curve (AUROC), which is the measure of how well the parameter discriminate healthy and unhealthy status.
95% confidence interval. p-Value < 0.05 indicates that the AUROC is significantly different from 0.5 that corresponds to the vicinity of the lower left corner toward the upper right corner; NS = nonsignificant, meaning p ‡ 0.05. Youden index is the cutpoint value, which is the value on the receiver-operating characteristic (ROC) curve that will move from the vicinity of the upper left corner over toward the lower right corner.
95% confidence interval. p-Value < 0.05 indicates that the AUROC is significantly different from 0.5 that corresponds to the vicinity of the lower left corner toward the upper right corner; NS = nonsignificant, meaning p ‡ 0.05. alone in predicting metabolic and cardiovascular health in adults of both gender (Tables 3 and 4) . But FM/MM considers simultaneously the impact of both components on health outcomes. Furthermore, in this analytic sample, cutoff values measured for BMI were not in overweight or obese category but within the normal weight category according to the World Health Organization obesity classification, 4 when the two health outcomes were considered.
However, while ROC analysis provides a useful means to assess the diagnostic accuracy of a test and to compare the performance of more than one test for the same outcome, this usefulness must to be considered in the light of the clinical circumstances. 18 Indeed, the Se and Sp may not be invariant for a test, but may depend on characteristics of the population. Thus, we have analyzed the capability to predict metabolic and cardiovascular health in 616 outpatients and according to gender. In men and women, for the both outcomes considered the Se (62% vs. 72%) and Sp (62% vs. 72%) were similar for FM/ MM. While women were more classified into underand normal-weight categories (77.8%) according to BMI classification; men were in majority (57.1%) within the overweight and obese categories ( Table 2 ). The higher prevalence of metabolic unhealthy status and cardiovascular complications in men (75% and 36.1%) compared with women (55% and 11.1%), also contributed to lower the accuracy, Se and Sp in men. By calculating the AUROC and given to the p value and 95% confidence interval, FMI and FM/MM significantly help to predict the two health outcomes and help to discriminate healthy from unhealthy individuals. 18 Cutoff values for FM/MM were systematically higher for cardiovascular complications (men = 0.35; women = 0.49) than for metabolic health (men = 0.31; women = 0.39). This can be explained by the natural course of the metabolic disease. Indeed, fatty deposition as well as reduction in MM are associated with insulin-resistance and elevated serum concentration of C-reactive protein, interleukin 6 or 8, and tumor necrosis factor-a 1 that progressively induce metabolic disorders which ultimately turn to cardiovascular complications. 13 In their turn, insulin resistance and low-grade chronic inflammation both favor abdominal fatty deposition 19 and increase protein catabolism. 20 While biologically this perpetuates the proinflammatory status, it also contributes to intensify the unbalance between the two body components and hence increases the FM/MM.
Thus, partitioning total body weight in the sum of FM and MM is of particular interest because not only increased adiposity, 1 but also reduced MM (via the inhibition of insulin signaling transduction 11 and disruption in skeletal muscle mitochondria 12 ) are both associated with the development of major metabolic and cardiovascular complications. Conversely, reduced adiposity and maintenance of a good MM are protective [7] [8] [9] Although we believe that the definition of obesity based on relative fat (i.e., percentage of fat) remains of great value, it is important to mention that a person can lose weight without subsequently changing his/her fat mass (i.e., in the case of crash diets). This interest of dissecting the body weight is furthermore highlighted when you consider that in the present study the cutoff values for BMI are far from the values usually considered as associated with metabolic and health risks. 3 The partitioning of body weight into fat and muscle component is however not possible without assessment of body composition. With this aim, dual energy X-ray absorptiometry (DEXA) is becoming a widespread tool of assessment as well as bioelectrical impedance equations. These two techniques are less costly and more accessible than the gold standard imaging methods, computed tomography (CT scan) and magnetic resonance imaging 15 and are now well-validated and reliable technique to measure the different body components. 21 Compared with the bioelectrical impedance equation, however, DEXA does not seem to produce any bias. 22 In addition, although it is much more expensive test compared with usual anthropometric measurements, in different population, DEXA-based body composition parameters have demonstrated to be more informative for the detection of unhealthy conditions and metabolic risk factors than total body weight, BMI, waist circumference, waist-to-hip ratio. 15 Thus, DEXA has become a validated, reliable, and safe technique to assess the body composition. Indeed, in terms of possible radiation exposure problems, this technics uses the equivalent of less than 10% of one day's exposure to natural background radiation (0.001 mSv), which corresponds to lower level of radiation than a standard X-ray (0.1 mSv). 4, 21 In addition, it is important to remind that DEXA was initially developed to explore the bone density. Interestingly, it has thus been well demonstrated that all biological features of metabolic syndrome adversely impacts bone metabolism in men and women as well, 23, 24 and the body composition in its whole contributes to bone health. 25, 26 Finally, it is well accepted that the positive association between body mass and bone mass density does not make obesity and osteoporosis mutually exclusive. 26 Thus, DEXA scan may provide simultaneously information about the three body weight components. 4, 15 Furthermore, there is mounting evidence that the distribution and type of excess fat (subcutaneous fat vs. visceral fat cells) is an important prognostic indicator for disease risk. 27, 28 Even subjects who are normal weight and have a BMI < 25 kg/m 2 can have a significant accumulation of visceral fat. 1, 4 Recent advancement in DEXA scan technologies makes this method able to differentiate visceral from subcutaneous fat. This method of measurement is highly correlated and linearly related to visceral fat measurements by computed tomography. 29 Thus, analyzing body composition components, including visceral fat, through DEXA would allow clinicians and researchers to classify subjects with excess visceral fat and/or muscle mass deficit, thereby identifying the population with the greatest risks for major metabolic and health complications and subsequently to design personalized interventions to maximize health benefits. But while DEXA is the most reliable technique to estimate body composition (i.e., excess of fat mass, muscle mass deficit, and bone density) 21 it has source of error. However, DEXA measurements in the present study were made on the same machine (model Discovery W, Hologic Inc.), which is the one used for the National Health and Nutrition Examination Survey body composition reference data. 30 If it is believed that software upgrades may change the algorithm that the device uses to calculate body composition, the upgrades performed during the study period have always been made to update the same mode of functioning, and multiple controls have certified the reproducibility of the measurements.
Another source of error with the use of DEXA scan is that it relies on the relationship between body composition and body water content. Indeed, this may be disturbed in pathological states that increase whole body water, such as acute cardiac or renal failure. While this point is more particularly a concern when trying to measure change over time, individuals with heart failure were not considered in our analytic sample, and in individuals with chronic renal disease, MM mass would be overestimated. 8 
Conclusion
The present study has provided cutoff values for FMI, MMI, and FM/MM that could be of practical value for the clinical evaluation of nutritional status. They complement the classical concept of BMI in a more qualitative manner and above all extend the analysis of its impact on health outcomes to all BMI categories. Thus, these cutoff values are attractive parameters for future study of metabolic disorders, not only to estimate the nutritional status and to better identify how body weight may interfere with our health, but also to improve the prevention of metabolic syndrome and its impact on health outcomes. However, further investigations that include FMI, MMI, and FM/MM are necessary. On the basis of longitudinal studies and in the larger population, the interest in and performance of these DEXA-based indices to predict metabolic and cardiovascular outcomes as well as prolonged and healthier longevity should be compared with classical anthropometric measurements. 
